
Indian Journal of Fibre & Textile Research 

Vol. 34, December 2009, pp. 374-376 

 

 

 

Short Communications 
 

 

 

Simple and fast method for purifying 

single-walled carbon nanotubes 

Ozarkar Sukrut Deepak, Manjeet Jassal
a
 & 

Ashwini K Agrawal
a
 

Department of Textile Technology, Indian Institute of Technology, 

New Delhi, 110 016, India 

Received 18 July 2009; revised received and 

accepted 24 August 2009 

A fast and efficient method for purification of single-walled 

carbon nanotubes has been reported in this paper. It is observed 

that the use of an inorganic acid in conjugation with an organic 

solvent can effectively remove the metal catalyst particles from 

the single-walled carbon nanotubes. This treatment technique has 

been compared with the conventional method employing 

concentrated nitric acid using high resolution transmission 

electron microscopy and energy dispersive X-ray studies. 
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Single-walled carbon nanotubes have drawn 

significant attention due to their remarkable 

mechanical properties, and electrical and thermal 

conductivities
1
. These exceptional properties of the 

carbon nanotubes have made it possible to produce 

high performance composites for various structural 

applications, quasi-one dimensional conductors for 

microelectromechanical systems and smart 

composites which can act as actuators
2
. The above-

mentioned specialized applications still remain a 

dream unless one is able to overcome certain 

obstacles involved in the use of single-walled carbon 

nanotubes. Most of the carbon nanotube synthesis 

methods, including high-pressure carbon monoxide 

(HiPCO) method, employ metal catalysts that remain 

trapped in the final product. These catalyst impurities 

can affect the properties of nanotubes and accelerate 

their decomposition. Depending on the method of 

synthesis the carbon nanotubes also have a significant 

amount of amorphous carbon along with the catalyst 

particles
3
. The amorphous carbon can be easily 

removed by repeated washing of the carbon nanotubes 

with an organic solvent like toluene, but the catalyst 

particles still remain within the nanotube cage and 

continue to be the cause of concern. The improvement 

in techniques to remove most, if not all, of these 

impurities is essential for their successful use in 

practical applications. Several methods for controlled 

purification of the carbon nanotubes are still being 

developed. In many of the synthesis methods, 

ferrocene is used as a catalyst, thus leaving iron 

behind in the nanotube, which is easily removed by 

heating in moist air for sufficient time
4,5

 or by treating 

with the mixture of conc. acids like H2SO4 and HNO3. 

But some processes make use of nickelocene, which 

leads to the residual nickel in the obtained bulk of 

carbon nanotubes.  

 In the present study, a simple methodology has 

been used to remove the metal catalyst particles from 

the single-walled carbon nanotubes using a 

combination of inorganic acid in conjugation with an 

organic solvent. The mixture of hydrochloric acid and 

acetone has been used since 1973 for the separation of 

uranium from various other elements and has proved 

to be quite efficient
6
. The single-walled carbon 

nanotubes also contain catalyst particles like iron or 

nickel and hence the same recipe is used for the 

purification of carbon nanotubes. The compound 

produced due to the reaction of acetone and HCl is 

able to form a complex with the metal catalyst 

particles that are removed from the single-walled 

carbon nanotubes. The effectiveness of this method is 

judged from the high resolution transmission electron 

microscopy (HRTEM) and the energy dispersive X-

ray (EDX) studies, which show significant removal of 

the catalyst particles. 

 Single-walled carbon nanotubes (SWCNT) 

obtained from Carbolex Inc (produced by arc 

discharge method) having diameter of 1-4 nm were 

used. These carbon nanotubes contain impurity of 

residual nickel catalyst. The pristine carbon deposit 

was a mixture of graphite carbon (usually 

encapsulating metallic particles), amorphous carbon, 

SWCNT bundles and metallic particles. 

 Two separate methods for the purification of 

carbon nanotubes have been compared; one using 

nitric acid and the other using a mixture of conc. 

hydrochloric acid and acetone in equal volume. In the 

_________ 
aTo whom all the correspondence should be addressed. 

E-mail: manjeetjassal@gmail.com/ashwini@smita-iitd.com 



SHORT COMMUNICATION 

 

 

375 

first experiment, 100 mg of single-walled carbon 

nanotubes were dispersed in 200 mL of 70% nitric 

acid, ultrasonicated for 15 min and then kept at 30 ºC 

for 4 h. This sample was coded as SWNT1. The 

dispersion was then filtered and washed several times 

with deionized water till the washings were neutral. 

For the second set of experiment, a 400 mL mixture 

of 37% hydrochloric acid and acetone in equal 

proportion was prepared and 100 mg of single-walled 

carbon nanotubes were dispersed in it followed by 

ultrasonication for 15 min. This dispersion was then 

kept at 55ºC for 2 h. This sample was coded as 

SWNT2. The dispersion was filtered and washed 

several times with deionized water till the washings 

were neutral. The HRTEM and EDX studies were 

done using HRTEM (TECNAI G) for the as-received 

and the purified samples of carbon nanotubes. 

 The purification methods are usually based on the 

use of both gas and wet oxidation. Oxidation under 

air, oxygen, ozone, H2S and CO2 atmosphere at high 

temperature has been reported to selectively remove 

the unwanted amorphous carbon materials. However, 

due to the close similarity of chemical properties of 

CNTs with the carboneous materials, very low yields 

are obtained with metal impurities still encapsulated 

into CNTs. The various methods using moist air and 

concentrated acids as strong oxidative agents for 

purifying single-walled carbon nanotubes give rise to 

higher yield, but are time consuming and damage the 

length of the tubes. Moreover, the removal of nickel 

particles is much more difficult as compared to the 

removal of iron particles. Also, severe acid treatment 

can introduce other impurities and degrade nanotube 

length and perfection. Therefore, it is recommended 

to use mild conditions for purification. 

 Figure 1 shows the HRTEM images of single-

walled carbon nanotubes as- received and purified by 

two methods, namely SWNT1 and SWNT2. It is 

 
 

Fig. 1—HRTEM images of single-walled carbon nanotubes (a) as-received single-walled carbon 

nanotubes, (b & c) HRTEM images of SWNT1, and (d & e) HRTEM images of SWNT2 
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clearly observed that the nickel particles still remain 

in the SWNT1 sample even after treatment with conc. 

nitric acid. The SWNT2 shows dramatic reduction in 

the catalyst particles.  

 The EDX studies shown in Fig. 2 compare the as-

received single-walled carbon nanotubes with 

SWNT2 samples. The peaks indicate the various 

transitions of electrons in the orbitals when excited 

with the electron beam. The as-received single- 

walled carbon nanotubes show an intense peak for the 

nickel metal. On the other hand, the SWNT2 sample 

shows a significant decrease in the peak height 

corresponding to nickel metal. Thus, the mixture of 

conc. hydrochloric acid and acetone is able to remove 

the nickel particles within a very short time. In the 

previous case (SWNT1), even though the conc. nitric 

acid is capable of etching the nanotube end caps, it 

fails to remove the nickel particles.  

 As shown in Fig. 3, acetone reacts with conc. 

hydrochloric acid forming 4-methyl 3-penten 2-one 

which gives a dark colour to the solution along with 

re-formation of hydrochloric acid. The hydrochloric 

acid is able to etch the nanotube end caps, while the 

4-methly 3-penten 2-one in the mixture acts as a 

chelating agent and probably forms a complex 

specifically with nickel metal and isolates it from the 

bulk of carbon nanotubes. Thus, the presence of 

acetone in the mixture probably exhibits some 

catalytic activity, due to which the purified carbon 

nanotubes are obtained within a very short time. 

Acetone in combination with hydrochloric acid can be 

used for the removal of impurity of residual nickel in 

carbon nanotubes without destroying the tubes. 
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Fig. 2—EDX of the single-walled carbon nanotubes (a) as-received and (b) purified SWNT2 

 

 
 

Fig. 3—Reaction between acetone and conc. hydrochloric acid 

 


